Salmon eggs are common in Japanese sushi and other seafood products; however, certain fish eggs are used as counterfeit salmon eggs which are found in foods and processed products. This study develops a simple, rapid, and cost-effective method for DNA extraction, filtration (FT) and dilution (DL) protocols from a single salmon egg with good DNA quality for real-time PCR amplification. The DNA amount, DNA quality, and real-time PCR performance for different dilutions and different lengths of PCR amplicons were evaluated and compared with the common Qiagen tissue kit (QTK) and Chelex-100-based (CX) protocols. The extracted DNA from a single salmon egg using the FT or DL protocol can be applied in phylogenic research, food authentication and post-marketing monitoring of genetically modified (GM) food products.
Certain fish eggs are used as counterfeit salmon roe. Some fake salmon eggs being made from seaweed, pectin, and salad oil. 1) Many molecular biology techniques for species identification have fortunately been applied to food authentication for processed food products. 2, 3) Food authentication can either be performed by generating species-specific protein profiles 4) or DNA profiles. 3, 5) DNA-based techniques provide a platform for PCR amplification in food authentication by using very limited DNA amounts. Current seafood authentication is based on a DNA-based examination 3, 6) which relies on several genes such as mitochondrial 16S rRNA, 7) 18S rRNA, 8) cytochrome b, 8) 12S rRNA, 9) and nucleic growth hormone 1. 10) Several DNA extraction methods have been reported for marine fish eggs such as the guanidine thiocyanate-based protocol 8) and Chelex-100-based method. 9) The salmon eggs with salt favor used in the present study were purchased in a supermarket located at Kaohsiung, Taiwan (product barcode no. 2143079001993; made in Japan). Salmon egg DNA was extracted by four different protocols. The dilution (DL) protocol used 1 mL of sterile water added in a 1.5-mL microcentrifuge tube to one broken salmon egg which was briefly punched by a yellow tip. After centrifuging at 14,000 rpm for 1 min, the supernatant was collected for the common column steps described in the QTK protocol. The filtration (FT) protocol used a purpose-made filter column prepared by i) cutting 1-2 cm from the ends of a blue tip (for 1 mL), retaining the ''blunt'' end to provide space for sample loading, ii) filling half with Kimwipes Ò EX-L Delicate Task Wipers (Kimberly-Clark, Dallas, TX, USA) to about 11:4 cm Â 21:3 cm into the blue tip, and iii) setting the sharp end of the blue tip as the bottom of the 1.5-mL microcentrifuge tube. A 0.4-mL amount of sterile water was then added to the non-sharp end of the blue tip with one broken salmon egg which had been briefly punched by the yellow tip. After adding 100 mL of sterile water into the non-sharp end of the blue tip with one broken salmon egg punched by the yellow tip, an egg-water extract was collected from purpose-made filter column after centrifuging at 14,000 rpm for 1 min. This centrifugation was conducted four times (100 mL water Â 4). The collected eluate was then employed for the common column steps described in the QTK protocol. The Qiagen tissue kit (QTK) protocol was performed according to the user's instructions described for the DNeasy tissue kit (Qiagen, Valencia, CA).
10) The Chelex-100-based (CX) method applied an approach based on Futoshi's procedure. 9) In brief, a single salmon egg was put into a 1.5-mL microcentrifuge tube with 1 mL of an extraction buffer (containing 4 M urea, 1% Tween 20, 1% Nonidet P-40 (Sigma), and 5% Chelex-100 (Bio-Rad)) and mixed by y To whom correspondence should be addressed. Jing-Iong YANG, Tel: +886-7-3617141 ext. 3622; Fax: +886-7-3640634; E-mail:
jiyang@mail.nkmu.edu.tw; Hsueh-Wei CHANG, Tel: +886-7-3121101 ext. 2691; E-mail: changhw2007@gmail.com vortexing. After boiling for 8 min, the tube was centrifuged at 12,000 rpm for 5 min, and the resulting supernatant was collected. A 1-mL amount of 100 Â the TE buffer (1 M Tris-HCl at pH 8.0 and 100 mM EDTA at pH 8.0) was finally added to adjust the pH value to 8.0. The amounts of nucleic acids obtained were evaluated by a GeneQuant pro spectrophotometer (California, USA). The DNA quality was evaluated by the ratio of O.D. 260 nm/280 nm. Real-time PCR was performed as described. 11) Four different lengths of PCR products for the 12S rRNA gene of 300, 500, 700, and 1,000 bp were selected for real-time PCR. They all shared the common reverse primer, 5 0 -ATGTAGCCCATTTCTTCCCAC. The respective forward primers for 300, 500, 700, and 1,000 bp were 5 0 -ACGACAGCTAAGAAAC-AAACTGG, 5 0 -AGCCATGAGCGAAAGCTTG, 5 0 -ACGAGCACAAAGGCTTGG, and 5
The results show that the respective DNA amounts determined at O.D. 260 nm for the protocols of the FT, DL, QTK, and CX methods were 1:27 AE 0:51, 1:02 AE 0:55, 0:79 AE 0:44, and 732:60 AE 148:43 (mg per egg, n ¼ 7) (Table 1) , the order of DNA amounts per egg being CX > FT > DL > QTK. The relative DNA amounts (mg per g of salmon egg) for the respective FT, DL, QTK, and CX protocols were 5:76 AE 2:31, 5:09 AE 2:73, 4:37 AE 2:46, and 3855:79 AE 781:20 (n ¼ 7) ( Table 1 ). The respective DNA quality levels determined by the O.D. 260 nm/280 nm ratio (Table 1) (Fig. 1A) gave the order of real-time PCR efficiency as QTK > DL > FT ) CX (undetectable). DNA with a 10 Â dilution (Fig. 1B1) gave the order of real-time PCR efficiency for these protocols as CX and QTK > DL > FT. Figure 1B2 shows that the real-time PCR amplicons for DNA extracted by the four protocols were a single product of the same size. DNA with a 10 2 Â dilution (Fig. 1C) gave the order of real-time PCR efficiency for these protocols as CX and QTK > DL ) FT (undetectable). DNA with a 10 3 Â dilution (Fig. 1D) gave the order of real-time PCR efficiency for these protocols as CX and QTK ) DL and FT (undetectable), while DNA with a 10 4 Â dilution (Fig. 1E) gave the order of realtime PCR efficiency for these protocols as CX and QTK ) DL and FT (undetectable).
The amplification results in gel views for the 300, 500, 700, and 1,000 bp real-time PCR products are shown in Fig. 2 . The gel band intensities of the 300 bp PCR products are consistent with the real-time PCR result in Fig. 1 . The amplification was successful for the 0 and 10 Â dilution of DNA with 300 to 1,000 bp realtime PCR, using DNA from the FT protocol (Fig. 2) . The 300 to 1,000 bp real-time PCR (Fig. 2) was successful with the DL protocol for 0Â, 10Â, and 10 2 Â dilution of DNA. Similarly, the 300 to 1,000 bp realtime PCR was successful with the QTK protocol under all dilution conditions, except for the 10 4 Â dilution for 1,000 bp amplification. The DNA amplification efficiency for the FT, DL, and QTK protocols were therefore consistent over a wide range of lengths (300-to 1,000-bp). Real-time PCR with the CX protocol for 300 to 700 bp DNA was able to amplify for 10-10 4 Â DNA dilution, except for the 700 bp with 10 4 Â DNA dilution. However, real-time PCR for 1,000 bp DNA with the CX protocol was mainly able to amplify with 10 3 Â DNA dilution (lane 4), but only very weakly with 10Â and 10 2 Â DNA dilution (lanes 2 and 3), while being undetectable with 10 4 Â DNA dilution (lane 5). We found that the relative DNA amounts and DNA quality with the FT, DL, and QTK protocols were at moderate levels. In contrast, the CX extracts seemed to contain many interfering materials, because their O.D. 260 nm/280 nm values were very poor, although their relative DNA amounts were very large. Since no further RNA removal step was included in these protocols, the extracts might have contained various amounts of RNA. However, the original salmon egg samples had been salt-processed and they were purchased from a supermarket (stored in 4 C); this factor is therefore not important in this case because the RNA may have already been degraded. In addition, the abundant lipids present in fish eggs 9) may have interfered with the DNA extraction.
12) The components in the CX extraction buffer were all potential denaturants for protein rather than the other molecules. 9) However, the FT, DL, and QTK protocols were column-based, and these resin columns were nucleic acid-specific; the DNA purity with these three column-based protocols was accordingly better than that by the column-free method with CX protocol.
The volume ratio for the Chelex-100/one salmon egg sample used in this study was different from the Chelex-100/one pollack fish egg described, 9) i.e., 1,000 mL, 0.2 g (2 Â 10 5 mg) per salmon egg vs. 100 mL, 513-690 mg per pollack egg. According to the literature, 9) at least 40 mL of Chelex-100 needs to be added to a single salmon egg due to the size of the egg. However, this need for a high volume of the Chelex-100 extraction buffer may increase the cost of DNA extraction for a single salmon egg. We therefore reduced the volume of Chelex-100 to 1,000 mL. The undiluted DNA sample (lane 1 for Chelex-100 in Fig. 2) could not be amplified, just like the case for the pollack egg. 9) Our CX method provided good performance for real-time PCR at different dilutions ranging from 300-to 700-bp PCR amplicons (excepting the 10 4 dilution DNA for 700 bp). While the performance for 1,000-bp real-time PCR amplification was poor (Fig. 2) , it was not known what interfered with amplification for the long DNA template. This result is consistent with that in the pollack egg study 9) in which the band intensity for the 1,000-bp amplicon (COI) was moderate while that for the 500 to 600 bp amplicons (cytb and 12S rRNA) was strong. However, we still cannot exclude the possibility that mild adjustment to the volume ratio of Chelex-100 to the sample may slightly change the performance of the CX protocol. 9) DNA with 10Â, 10 2 Â, and 10 3 Â dilution (Fig. 2 ) gave higher real-time PCR efficiency with the CX and QTK protocols than with the DL and FT protocols when the DNA length ranged from 300 to 700 bp. The QTK protocol offered the best performance in PCR amplification for all the dilutions and DNA lengths. The DL and FT protocols provided flexibility for PCR amplification with all tested DNA lengths, although their amplicons were only detected for 0-10 Â dilution and 0-10 2 Â dilution. However, only the amplification with the long DNA template (1,000-bp) was interfered with in the CX protocol.
The elution volumes with the FT, DL, and QTK protocols were 50 mL, and for the CX protocol was 600 mL. The FT and DL protocols respectively provided real-time PCR flexibility ranging from 0 to 10 and 0 to 10 2 dilutions of DNA. The DNA volume used in realtime PCR was 1 mL. Accordingly, the respective total volumes with FT and DL for real-time PCR were 0.5 and 5 mL, in these dilution ranges. Although the FT and DL protocols did not perform well with high dilution (10 3 -10 4 Â) for real-time PCR, they did shorten the prefiltration step, omitted the proteinase K treatment used in the QTK protocol, and skipped boiling and Chelex-100 treatments used in CX protocol. The respective operation times for the DL, FT, QTK, and CX protocols were about 7 min, 10 min, 1-2 h, and 15 min. The quality of DNA obtained with both the FT and DL protocols was better than that with the CX protocol ( Table 1 ).
In conclusion, the DL and FT protocols showed stable amplification of the mitochondrial 12S rRNA gene for lengths respectively ranging from 300-to 1000-bp with 10Â and 10 2 dilutions. The two protocols respectively produced DNA extracts viable for an estimated 500 and 5,000 PCRs from a single salmon egg, the operation time for two methods being 7-10 min. The DNA extracted from a single salmon egg, using either the FT or DL protocol, can be applied in phylogenic research and food authentication. 
